The rising attention globally on the use of oats and the beneficial effect of oat compounds in nutrition has also increased interest in oat production in
INTRODUCTION
Permanent intolerance to the gliadin fraction of wheat protein and related alcohol-soluble proteins (prolamins) found in rye and barley is defined as coeliac disease. The disorder occurs in genetically susceptible individuals who ingest these proteins, leading to an autoimmune enteropathy that self-perpetuates as long as these food products remain in the diet (Pietzak and Fasano, 2005) . Coeliac disease affects approximately 1% of the general population (Niewinski, 2008) ; there are approximately 7000 patients in Latvia. The only treatment for coeliac disease is lifelong adherence to a gluten-free diet (Di Sabatino and Corazza, 2009 ).
According to EU commission regulation No. 41/2009, 'gluten' is a protein fraction from wheat, rye, barley, oats or their crossbred varieties and derivatives thereof, to which some persons are intolerant and which is insoluble in water and 0.5 M sodium chloride solution. Most but not all people with intolerance to gluten can include oats in their diet without adverse effect on their health. This is an issue of ongoing study and investigation by the scientific community (Anonymous, 2009) . The term 'gluten-free' does not refer to the total absence of gluten. The residual amount of gluten allowed in gluten-free products is strictly regulated by the Codex Alimentarius Standard . The EU Commission Regulation No. 41/2009 recommends that products not exceeding 20 mg·kg -1 of gluten should be considered gluten-free; a product can be labelled as 'very low gluten' and be included in gluten-free diet, if gluten content does not exceed 100 mg·kg -1 . Gluten, found in the endosperm of cereals, is composed of distinct portions of monomeric, alcohol-soluble gliadins and polymeric, prolamine-rich glutenins, which are responsible for flour processing characteristics (good water absorption capacity, cohesiveness, viscosity and elastic properties) in the bakery industry (Heap and van Heel, 2009; Arendt and Nunes, 2010; Torbica et al., 2010) .
Recently there has been much research and discussions on whether oat can be tolerated in the gluten-free diet or not. Heap and van Heel (2009) included oats in the restricted PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 69 (2015) , No. 4 (697), pp. 170-177. DOI: 10.1515 /prolas-2015 PROTEIN, AMINO ACID AND GLUTEN CONTENT IN OAT (Avena sativa L.) GROWN IN LATVIA product list, but Mustalahti et al. (2002) included oats in the list of the allowed products. Pulido et al. (2009) reported that oats can be tolerated by most but not all people who are intolerant to gluten. The reason for this discussion is the close taxonomic relationship of oat species to wheat, rye and barley, which are harmful to people with coeliac disease (Kasarda, 2001) . Oat has some wheat-like sequences in its protein structure, but these are less frequent in oats than in other prolamins. Nevertheless, there is no consensus among scientists and nutrition experts on whether oats can be unequivocally recommended for coeliac patients (Kaukinen et al., 2013) .
Previous studies (Thompson et al., 2005; Saturni et al., 2010) indicated unbalanced intake of carbohydrates, proteins, and fat, as well as a limited intake of certain essential nutrients in a gluten-free diet. Gluten-free products are mainly starchy foods with divergences in fat, fibre and protein composition, due to the occasional protein enrichment (Segura and Rosell, 2011) . In consequence, these products have very low contribution to recommended daily protein and fibre intake. Oat is considered an interesting alternative, as it contains healthy compounds (essential amino acids, unsaturated fatty acids, beta-glucans, polyphenols) (Andon and Anderson, 2008) . A study by Storsrud et al. (2003) indicated that including oat in a gluten-free diet significantly (p < 0.05) increased daily energy intake from cereals, as well as made the diet more pleasant (better taste, the satiating effect, more variability, and regulation of bowel function) for the patients and thereby increased compliance to the treatment. Similar results and conclusions were reported also by Kaukinen et al. (2013) and Comino et al. (2013) . Due to the high nutritional value of oat, it would be positive change if oat could be considered as a part of a gluten-free diet.
The rising attention globally given to the use of oats and oat compounds and their beneficial effect in nutrition has increased interest in oat production in Latvia. Many studies on husked and hulless oat breeding and their quality parameters have been carried out in Latvia in recent years (Zute et al., 2011; Nakurte et al., 2013; Bleidere et al., 2014; Zute et al., 2015) .
Oat (Avena sativa L.) is one of the most important among the group of crops with high energy and nutritional value arising from a high content of proteins and lipids. Proteins have important effect on cereal grain nutritional quality for humans and livestock and on their functional properties in food processing (Shewry and Halford, 2002) . Oats are also a good source of soluble fibre, essential amino acids, unsaturated fatty acids, vitamins, minerals and phytochemicals (Jones, 2003; Arendt and Zannini, 2013) . The chemical composition of oat grain makes it a very useful component of the diet for humans and animals and a source for industrial products. Givens et al. (2004) reported that variety and also site and year factors had high effect on the chemical composition and nutritive value of oats, followed by nitrogen fertiliser treatment.
Oats generally can be divided into two categories: husked oats and hulless oats. Around the world hulless oats are most often used for fodder, however, the chemical content and nutritional value of hulless oats have stirred interest about their use in food products (Radaelli et al., 2009; Behall and Hallfrisch, 2011; Tiwari and Cummins, 2012) . Compared with husked oat grain, hullless oat grain has a lower fibre and a higher energy value, and contains more protein and lipids (Givens et al., 2004; Biel et al., 2009 ).
The content of essential amino acids in protein of oats is high because the major storage protein is globulin (Biel et al., 2009; Klose and Arendt, 2012) . According to Shewry and Halford (2002) globulins have a higher concentration of lysine and other essential amino acids than prolamins, which are typical cereal storage proteins. Amino acids are the key building blocks of proteins and other essential biomolecules and play important roles in chemical reactions vital to life (Armenta et al., 2010) .
The aim of this study was to evaluate protein, amino acid and gluten content in husked and hulless oat grains grown in organic and conventional farming systems. out using three nitrogen (N) application rates (80, 120 and 160 kg·ha -1 ) in conventional growing conditions and in addition without fertiliser application under organic growing conditions. The common agronomic practices for organic management were used during the vegetation period. The treatments were laid out in a randomised complete block design; plot size was 10 m 2 and four replicates were used.
MATERIALS AND METHODS
Chemical analysis. In the studied samples protein and gluten content, as well as amino acid composition were determined. Protein content was determined as total nitrogen content by the Kjeldahl method. The content of protein was calculated using the nitrogen conversion coefficient 6.25 (ISO 5983-1:2005) . Amino acid composition was analysed by high-performance liquid chromatography method according to the Waters AccQ Tag pre-column derivatisation procedure using the Waters AccQ Tag chemistry package at the Lithuanian University of Health Science.
Gluten content. Enzyme-linked immune sorbent assay (ELISA) was used as a Type 1 method of Codex Alimentarius for detection of gluten. Gluten content was measured using a Sandwich R5 ELISA (R-Biopharm AG, Darmstadt, Germany) test kit, which includes gliadin standards and all necessary reagents. RIDASCREEN® Gliadin is a sandwich enzyme immunoassay for the quantitative analysis of contamination by prolamins from wheat (gliadin), rye (secalin), and barley (hordein) in raw products like flour (buckwheat, rice, corn, oats, teff) and spices as well as in processed food like noodles, ready-to-serve meals, bakery products, sausages, beverages and ice cream. The solid support of the reaction is a microtitre plate coated with monoclonal antibody R5 that recognises the potentially toxic QQPFP pentapeptide found in gliadin-fractions (Méndez et al., 2005) . After preparation of 0.25 g of homogenized sample, 2.5 ml of the Cocktail (patented) (R-Biopharm) were added and incubated for 40 minutes at 50 ± 1°C in a water bath FL08D (Clifton Food Range, UK), then mixed with 7.5 ml 80% ethanol and stirred for 1 h, and then centrifuged at 3000 rpm for 10 minutes in a centrifuge Sky Line CM-6MT (Elmi, Latvia). The sample was diluted 1 : 12.5 and a 100 µL were filled into the microplate wells. The wells of microtitre strips are coated with specific antibodies against gliadins. By adding the standard or sample solution to the wells, the present gliadin is bound to the specific capture antibodies. The result is an antibody-antigen-complex. Then 100 µL antibody conjugated to peroxidase was added. This antibody-conjugate is bound to the antibody-antigen-complex and a complex (sandwich) is formed. Any unbound enzyme conjugate was then removed in a washing step. Enzyme substrate and chromogen (50 µL each) were added to the wells and incubated for 30 minutes at room temperature. Then, 100 µl of the stop solution was added and absorbance was measured at 450 nm in a microplate reader (Assys Expert Plus, UK). Six different concentrations of gliadin standards were used for construction of a gliadin standard calibration curve (Fig. 1 ).
Gliadin concentration (GL) was calculated using the equation (1) obtained from the calibration curve ( Fig. 1) , then multiplied by a dilution factor and a factor 2 in order to obtain the gluten concentration (GC) using equation (2). 
RESULTS
The protein content in oat samples is presented in Figure 2 . The protein content in the analysed oat samples varied from 113.75 ± 2.22 g·kg -1 (L-OG-N0) to 177.5 ± 2.08 g·kg-1 (S-CG-N160). The genotype had significant impact (p < 0.001) on the protein content. The hulless oat samples (breeding line '33793' and variety 'Stendes Emilija') had a higher content of protein than in the husked oat samples. The protein content in oat samples grown in the conventional farming system was higher by about 7.47% (N80), 8.25% (N120) and 10.89% (N160) than in samples from the organic farming system. The applied amount of fertiliser did not have significant effect (p = 0.84), but the growing system had effect (p < 0.001) on the protein content.
Analysis of variance showed significant difference (p = 0.01) in the total amount of amino acids between husked and hulless oat genotypes (Fig. 3) .
The highest content of amino acids was found in hulless oat breeding line 33973 (sample 3-CG-N120) grown in the conventional farming system -132.44 ± 0.09 g·kg -1 , and the Oat samples were rich in essential amino acids ( In organically grown oats of the variety 'Lizete' and the breeding line '33793', content of total amino acids and essential amino acids was significantly lower (p < 0.05) compared to that in conventionally grown oats ( Table 2) . Amount of fertiliser (N120 and N160) applied to hulless oat variety 'Stendes Emilija' significantly affected (p < 0.05) the content of non-essential amino acids (lysine and phenylalanine), as well as of total essential amino acid content. Glutamic acid content in the oat samples was significantly positively affected by amount of applied fertilizer. In all studied oat genotypes the content of non-essential amino acid was higher than that of essential amino acids, which ranged from 33.57 g·kg -1 in the sample L-OG-N0 to 53.70 g·kg -1 in the sample S-CG-N160 (Table 1) .
The content of gluten in oat samples grown in the organic farming system was higher by about 10.5% in variety 'Lizete', 15.2% in the breeding line '33793' and 3.5% in the variety 'Stendes Emilija' (Fig. 4) compared to levels in conventionally grown oats.
Two-way analysis of variance showed that the used amount of fertiliser did not have significant effect (p = 0.18) on glu- ten content in the studied oat samples, but oat genotype was a significant factor p = 0.01. The gluten content in the analysed oat samples was in the range from 177.05 ± 0.03 mg·kg -1 (variety 'Lizete', sample L-CG-N120) to 486.57 ± 0.05 mg·kg -1 (variety 'Stendes Emilija', sample S-OG-N0).
In hulless oat variety 'Stendes Emilija' and breeding line '33793' the content of gluten was higher than 400 mg·kg -1 , which was 4-5 times higher than the allowed level (100 mg·kg -1 ) for labelling as 'very low gluten' (EU Commission regulation No. 41/2009). Gluten content in the oat samples had a strong correlation (r = 0.88) with the total protein content. Principal component analysis (PCA) of protein, amino acids and gluten demonstrated that differences between oat samples can be explained by three factors: the first two PCA axes accounted for 96.1% of the total variation (Fig. 5) . The PCA ordination indicates that the contents of amino acids and protein were related, but gluten content -dissimilar and not related to protein and amino acid content, this is also confirmed by the correlation analysis. According to the PCA oat samples can be grouped in three groups based on similarity of physical-chemical properties.
DISCUSSION
The protein content in oat grains varies from 12% to even 20% depending on growing conditions and genotype (Riahi and Ramaswamy, 2003; Arendt and Zannini, 2013) . In this study, it was established that protein content in the husked oat samples (113.75-127.8 g·kg -1 ) was lower than that in the hulless oat genotype (152.0-177.5 g·kg -1 ). The protein content in husked and hulless oat in this study was higher than those (104.9 and 126.7 g·kg -1 ) reported by Biel et al. (2014) , and 93.0 and 120.0 g·kg -1 reported by Givens et al. (2004) . These observed differences with previous studies might be caused by specific traits of the selected genotypes, different agronomic and environmental conditions in the location where the studies were carried out. The protein content in oat grain mostly depends on agro-meteorological conditions: genotype, nitrogen treatment, sowing date and weather conditions (Givens et al., 2004) .
The amino acid composition of oat affect the quality of proteins and their amino acid properties (Givens et al., 2004; Baker, 2007 , Biel et al., 2009 Biel et al., 2014) . Hulless oat contains more (p £ 0.05) lysine (Lys), threonine (Thr) and isoleucine (Ile) than husked oats. Total content of essential amino acids in the protein of hulless oats was by 12% higher than that in husked oats (Biel et al., 2014) . This was also shown in our study; the total content of essential amino acids in the hulless oat breeding line '33793' and the variety 'Stendes Emilija' was higher by 15.8% and 18.4%, respectively, compared to that in husked oat samples. Givens et al. (2004) also reported significant difference (p < 0.001) between amino acid content in hulless and husked oat. Husked oat cultivars have higher amino acid content than hulless oats. The studied oat samples were rich in non-essential amino acids such as glutamic acid (Glu), arginine (Arg) and proline (Pro) and essential amino acids such as leucine (Leu), valine (Val) and phenylalanine (Phe), as previously reported (Givens et al., 2004; Georgieva and Zorovski, 2013; Biel et al., 2014) . Oats are characterised by higher essential amino acid content than in other cereals, because the major proteins of oats are globulins (Shewry and Halford, 2002) .
The suitability of oats for people with coeliac disease is widely discussed (Dickey, 2008; Lester, 2008; Heap and van Heel, 2009; Pulido et al., 2009; Londono et al., 2013) . Including oats in the gluten-free diet could be advantageous, since oats are a good source of dietary fibre and of several vitamins and minerals.
There was no significant difference (p > 0.05) between the effect of applied N120 and N160 fertiliser on protein and total amino acid content. Thus, the optimal amount of fertiliser is N120, considering quality parameters and expenses. Thus, samples from this treatment weree selected for the further studies of gluten content.
Gluten is the general name for prolamines found in wheat (gliadin), rye (secalin), barley (hordein) and oat (avenins) (Pietzak and Fasano, 2005) . Protein composition of oats is different from cereals (wheat, barley and rye) that are considered harmful for people suffering from coeliac disease. Prolamines constitute the major fraction in wheat, barley and rye, but in oats salt-soluble globulines are more dominant. The prolamin fraction in oats is about 10% of the total protein content. Oat prolamins have monogenic nature and about 10% of their amino acid content consists of proline, which is about half of the amount that is found in prolamins of wheat, barley and rye (Kanerva et al., 2012) . Wheat gliadin is unique in terms of amino acid composition, as it is characterised by high contents of glutamine and proline and by low contents of leucine and alanine. Specific peptide sequences especially rich in proline and glutamine (Pro-SerGln-Gln and Gln-Gln-Gln-Pro) produce autoimune enteropathy. Those peptides are found in wheat gliadin, rye secalins, barley hordeins, and, in much a lower amount, oat avenins (Guilbert et al., 2002; Wieser, 2004) . Thus amino acid composition is essential in detecting suitability of cereals for a gluten-free diet.
Sandwich R5 ELISA was used for detection of gluten in oats. This method is based on detection of prolamins from wheat (gliadin), rye (secalin), and barley (hordein) in raw products like flours (buckwheat, rice, corn, oats, teff) and spices as well as in processed food like noodles, bakery products and beverages. The monoclonal antibody R5 does not recognise prolamins from soybean, oat, corn and rice (prolamins from gluten-free cereals differ from wheat, rye and barley by amount and structure), but recognises and binds certain amino acid sequences (glutamine-glutamineproline-phenylalanine-proline) from wheat, rye, and barley, which are considered as harmful. Previously, Ballabio et al. (2011) and Sharma et al. (2015) applied RIDASCREEN® Gliadin for gluten content determination in oats.
In the first stage of experiments, gluten content was evaluated in six oat samples (samples grown in a conventional farming system using nitrogen application rate 120 kg·ha -1 (sample N120) and samples grown in organic farming system). In all studied oat samples gluten content exceeded the allowed amount of 100 mg kg -1 . The hulless oat breeding line '33793' and the variety 'Stendes Emilija' has similar amounts of gluten, while the husked oat variety 'Lizete' had two times lower gluten content. Hulless oat samples had a higher gluten content than in husked oat samples, and oat genotype significantly affected (p < 0.05) gluten content. Hernando et al. (2008) analysed gluten content in 109 oat samples (rolled oats, oat flakes, oatmeal, oat flour, oat brans, and oat grains) and found that 25% of oats had gluten content < 3 mg·kg -1 , 4% had content between 3 and 20 mg·kg -1 , 12% between 20 and 200 mg·kg -1 and 59% exceeded the level of 200 mg·kg -1 . These observed differences with our results can be due to type of oat sample and previous treatment and processing. Gluten content in the husked oat variety 'Lizete' 177 mg·kg -1 (L-CG-N120) and 198 mg·kg -1 (L-OG-N0) was the closest to the allowed limit (100 mg·kg -1 ). Proline and glutamine are reported as most toxic for people with coeliac disease (Guilbert et al., 2002; Wieser, 2004) . Amino acids glutamine (Gln) and glutamic acid (Glu) are closely related in a chemical sense and both amino acids play an important role in the development of autoimmune reaction in coeliac disease (Sollid, 2000) . Results of our study showed that husked oat variety 'Lizete' samples, which have lower gluten content, also have lower proline (Pro) (7. ported that wheat gliadin contains 14-17 g·kg-1 proline, which is approximately two times higher than in our study. According to Wieser (2004) , wheat gliadin contains 37 g·kg -1 glutamine, 17 g·kg -1 proline, 7 g·kg -1 leucine (Leu) and 3 g·kg -1 alanine (Ala). Our analysed oat samples contained a higher amount of leucine and alanine than gliadin. The samples of oat variety 'Lizete' had lower content of leucine (7.77-9.37 g·kg -1 ) and alanine (4.79-5.68 It is necessary in the next investigations to include other oat genotypes for determine their gluten content, in the search for those contain gluten within allowed limits.
